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i4 : m Mwmam 

16, 24 : U\±tim 
32 : flll SHf 
50 : X02 M£§ 
60 : nB AIWldias 
62 :• S3 SIS 

B gfSS S» slSi SMSL 378 ftjft EBft^HCFET; Field. Effect transistor) a HI- 

orsBh ±»i goo -ensHNi ssr aoia. £P ^asj^s, s its-s sat 

gsjit m& 5!Sa SWB SBlSfe XIOIM- UlldIA £7^ *|EJ (base-af ter gate process; TflOl^ 

? r aaa * fflioT^^ jjejeis amecro bicmos^, bwiea ±tj a asif m 

Exi(CM0S; complementary metal oxide semiconductor) iXft S^j ffl'SS »I3£1T 4? SiS S^tr gfBM 

±XtS\ MS. SOHW 3l!0LAI=i ^.£1 XOIfi ■ (H|OI± §AI ^El(base-diring gate process; TflOlM 
2J "»SI SOi HQli^f &AIOU SEIEIfe 2'g SjQiSJCf) Ar£SK)l BICMOS S3 sEB '*0£*r= 

»bgi sxiaoi m woe m\± sai »ei. »*ioii chaws, wara maisco. l. Harame) eon 

Sit!" Sti("Si/Si6e Epitaxial Base Transistors-Part i : Materials Physics and Circu its", IK 
Trans. Elect. Devices, 469 - 482 10131, 19993 311); SJMSCD. L. Hafame) gOfl 2|tT StJ("Si/Si6e 
Epitaxial Base Transistors^Part II : Process Integration and Analog Applications", IEEE Trans. 
Elect. Devices, 469-482 11 OlXl, 199$* 310; a &~1S!(D. Ahlgren) Soil 2|» SS("A Si6e HBT 
B i CMOS Technology for Mixed Signal RF Appl ications", Proc. of the 1997 BCTM, 195-197 1 01X1, 1997 

ai WAiaa sick djs^ &s ^ m . m \± ^ ojchai, mm saiyasg woia 
oflfeiHg easoi ssson cd^ai oiar saiwi v-asa. 

BICMOS 23 flMS *U£or£ E PS »H-os-S ?1I0I^ ■ WOI± »S| (base-after gate process) 

»*0i ArgEin sjp. oiat!: tiioim • mo\± $n sa ^wi schai, tooim sa#aeg. tfiioiAoii 
raws gasoi son «ssth om srs thoim hoi^ »a ^.s. wacH 

2SH(Anmo)01l>|| WOIS OR ^ffl: fllS, 665, 6155: S 7i^a(Kimura)(HI>fl «HO)S QR «Sf B15,665,6i6± 
Oil JHAfEIQj Sip. 

0|-» ^ ^BH2J TOOIS • -BIIOI a SAI x|Bl 3! »0|M- WIOI^ S» »a»^l5l ArSAIOI= S S 
HIS*. (a) CMOS ± A/EaS!(S/d) SI LDO(Light ly Doped Drain)g OtyDarS §2^ WIOI^ ^ h 
9tOm£ S*fl, (b) IftOI A SS^S H§1?1 Himfl S3S BfBia (c) UH3I 

BEr A»SI'Wa. ^Oil CMOS £2±r£ Sfll #01 H.7JHH .fiCh «OIM ■ IHlOli S 

a^j gq-tt »«i-ar AFgEi^ s^, ae^ as 2 7hsi $?msi jji^^si §s ^201 nagotofe* 1 m 

fett. 3 HH3lta tfH£ FET >iE0|A1 JB-3£lDtAE= SfelPI. 

FET ±»2J «|5 -Oil Ol FET ±Xt HHDIMa^OI Sgo|A|^ SrSCh 

sa-2j : bicmos si^e gsjih snass nasioi, aiftf as.saa a ^fi 

s^aiu ^ 2t= 7hifs wdim mioi^ asj ; 2i gsi» m^m mmzYZ ^ioi ss 
aoi s^£is sip. 

B ^S2J HI ^SJS FET a BfQiea ifl^ §^ 7IS &H)fl BICMOS 2^ a£» SI3i&r= SB 

s 9asff(= ooofl aa.. 

B H«-2| XD2 HFQiea S« SOU CMOS £WHI£ OiiLi^ ^Sj a^E Sp-fflfilM S= 

Arg^rO) BICMOS 23 &SB «|.2eF= SOSSfe EJOfl SiQ. 

b m wq\* «sb lisisj mratB ssoi asas a date Ado st 
p. 

B &-S(H COB PS *5 r 2J. tfBLS bWISa ±7i?i «S SOU CMOS 4iXr7|- fiSSRS BICMOS ^Xf S 3 
ara)2|: BICMOS £*rf H2t r = «S*tS ED 00 2iP. 

B &S2| E PE ^aj-S -HKllBErHtQI FET feMHI »fe BICMOS ^bXrB »S«r= M 

SW= CaOO SiP. 

b ^s^i hbC"-WjB- e a noil cue oias ^is s<hi hwibb ^?j°i »4wb s«w 

n, fet ±Jtm HH3isa rtxra g^gi SH§£g mstsioi, &7\ bioisa 

si pa ¥ss V9 fet ±nm asmim. »ssw ^ siP. 

10-2 



^2001 -OBI 482 



mtH. B Wg2| BICM0SS3 (a) dKJIMEf £»2| All «?tffi 71521 Sfll 33 LH 

Oil &«2>; (b) #71 -UKM-BBf ±A}2| XD.1 ^Mi SS*f7l- $|oKH #71 .flll S?} 9100 All S 

S§f .€SS^ 5?fla; (c) 2370 Sajxi^EI ;i:Arfi #71 7|52| M2 gs? LHOfl «#8JS 9»S^; 
(d) #71 *m sll) eaijq^ ±»g SSS|7| 9I8KJI #71 71521 «12 33 £100 *02 M&fifi WS8> 

& sMi'd) #71 an *o?iSr= eja^ (f) #7i m\m& iwsi #7i 71521. 

flU S^'lHOi **mm (s) #71 J312 SS#fi H71o^ 5?flfi StJ8r= ?*fi WS^S SW. 

B Wg2| gfiAIOflOil SUM. «12 a±#2| H«tt3 =71 HtOlfiEt ±Ar2| tJ^Sfi S= ^*fi IHOil 
S&EIOi 2Q. S SS2| QE SAIOflOfl SlOW. BICMOS S3 SIS2I fl-fi «dHI #71 SO! S2«2| 

#71 FET ±Xk?IOfl 5f?8F71U E£ #71 LHO0£ #71 fil § MZ £5*21 H-«tfO| 5£ 

am. sic*. 

0I8K £5 SA0AJ2J fig.fi gfiSH3l TflOlM • BOOli «BI (base-after sate processing) Sf*! 
fi ArgSfOl fiSflfl »M BICMOS 23 5|S2| HHttH IHbFCM #Afl8| tfetiQ. C*42| fig 

soiiAi. cHS8r= aioo= satr sfs sots ^ghooai ueuhh sio. 

a». e ifi &fi*kg« Eise ws2i &*m. sssi 7is3s xiei epos ooaioFc hmeoid. oi 

Hf SOU EAI9 ^ BTfl^ E 2a~E 2oifi gfiSKH OI6WflA| fitr #*08l figy 2J0IQ. 

fi 2a~fi 2mOI 331 4= 2i= SSW SiOIAI. 01 M EgfiS .UKJIfi-Ei ±A> § NMOS .±ttM 5tS«r 
BICMOS ^52| n^AHM BSOOAj Afga^ xjE| BTflfi EAI8.H£ SgOIO. NMOS ±HS fiAl 

S! O0AI8I-41 SlAtB. S ' ItaS PMOS 3a5Ai«fi Afgl * SIQ. PMOS i»7r «.fi£! ^A|f30OII 

SMiWS, HKJifiEh i»°l &g $00 i^/EagJ gsfOL «#5lb §fi fllSIShS OISHHAI. 7HAIfiJ= 

»»»• JM»42I xm a»»51 saqi. 
s-fis- um mot e :^2i sii. gai£ Bmita bii ^gfi 71.521 hi s^oo sgsr= b?j 

fi- 4=ei*JO. OI2r s fgoj m e71 |^ s 2a(E 121 B?1I 100 GH§^)0|| fiAlfIGH 2lO. "fi». 
E 2aO0 fiAia =?£= m 715(10), Ng ^§§(12), l@ O0IO.H|fifi(14) S! IHEia □r^H#(16)g 5 
a*|Jl r SICr. #71 Ng 0H§S(12)S BHDISSf £A>2| AI«a«SH ! S^OI: StLh. 

fi- 2ao« fiAia sgTfloo^ ^ was sa2i uroifia »ei qi§sb« xh^ejh 2io. a 

tt; OlSIt^ g& 7S2| JifliA|B0.= ©EH2| JJS7I AfSSEJi. 003CH, 71Sg Si, 6e, SiBe. 8aAs, InAs, 

imp si in/ v ^2i om sm m&w mtBm masts a 21-21 erfia xaes ^saxjg, qisi m£ m 
s.w sifiss wasixis s^=ei. &a swuuiittfi. mer^isa we e= #oit^ »sa wfi(wa 

CH,. Si/Si6e)fi Sti8fc 7liS0i SIP-. Oil XHS SOflAI, SIS 7I5T0I 

uifi3(-iaD. ea SAOAioiAife ps esu 7is-oi eaieih sixig, ns essi 7isoi ua.i 4=E 

SSI, fi 2a0fl fiAlU Deir&OI *02§ ^ SSrSfdfflaCH, SI0b)(EgOfl& EAI «ef§) 

= Srtj 5*rtt(cvo.>.. fisecrt 2,^ cvd fi^ ifflaaaf gEH°j ssrafi oigsioi ps 7i5(io) 
21 as 9\w «#Ei7iu fi= aafisAi #71 dsistss asj^s sssib sjo. ims#g seh 

2| 0IS B3HO0 2|ol #71 715 LHOfl «SE|2 SID. #71 l«@ 0Hij#8 SEH2I JMMfittS« fl4 
Oty%(RTA; rapid thermal anneal) E= 01 yn (oven anneal)] fi Mmt^SMI S^aSl. OlOlAi N 
S OfllQEqfifiOl SEH2I Dflill^^ SSSfi Oi'SflAr t!Si!D. OiOt, QriUfidMiatH., Si,M»)(16)e 
CVDEI- S2H2| SSTBfi QISSKW NH OOfflajfifiei £3 *|0fl g£H2| E|4:3fflEI m 

oiisi.»« oia .MS(mE)] flsiofl aisi ioftyiia, 

Sfit.1- SBI &nm= E 2a0fl EAIS! ?S2| g£0£ SSSO. B=! S-MIA|2| ES0fl= NMOS iXPf 

j;i2aM s?i2F amisa ^Ah7f: xnia^ s^i lierh= sj^i siitia siq. sgoife mm sk.1- 

2| NMOS iT* S SH-f2| UWIfiE) i7J S^gOl EAIEI3 SlAig, H SSOfl WE BIC&0S SSj fl 
S2T 32|2J a4»2| NMOS ±A> ^ S. HWIfiEr iA> S^l AJ-gSKM; «j#S <ifi SlO. 

Etl-- NMOS, PMOS S UKJIfiEl; 4: AH" StJtTBICMOS 33 SI52J ^2 PMOS S dKHfiB* iAFfi fi 
tft> BltWOS S5| SS2J ^fi «filr ^E Sit*. 

PEiai! d^Us# UH3lfiE> 4iAHHl CHtJ- 2£ §3 S^(18)fi 0flgor7l *|3| & WSOIIAI AH 

eau sta., as ssss §s s^s e 2b(E 121 g?n aw cHSt/)on eajeioi sip. mtt. oiei& 
si£ M?g*i §g g^s rie fi^ fisfioh ongii- irs gaisj a^. oflsafi. oifsioi s?j as 

21 g&SW O0S.»SS«f««SQ'. #71 3^ S?«xl= §9121 MS!» EHDIU XflS(OliaCH, {*af 

fi)(20)s asrfi [&a-?siaj2, oioiai oi as s?s»i- fiaifiEis e= 71EI21 ssa jfls(22)s 

Xfl^7l 9IJ1IAI CVD E= 7|EK2| ]fi«MtQl ArSSil SiCI:. E 2b0fl EAIS S3 ^?£fi SI58}7| 9j«A| = 
SH«t 7(703 SQKCMP)a SEH2| ggOl Argail SIP, 

PgOfl, E 121 STfl. 3011 UEJ-a Ul-^ SOI, CMOS ±7} S HKHfiSF iAHHI EH# SSSS §S(STI) 
a UHJIfia iAFOfl CHE}- ae«E1 2IS 4^ (coi lector reach-through)^ E aofl EAIS! LHOfl 

ssaii sio. Gist* «ei gaofis ss swaisi e ^~e 2fon ooAiaoi: sid. e 2coo eai 
a aha udi. Qr4:?j#(24)s cvDa &g smhi. #^ag gisttt ^21 as 91 on «^sa. 01 qy 
4:Usg 01521 p^sfijiF 'sai«r me e= #01^ jnefi ^s© 4= sio. D^#(24)g lEiya 
n. eg « s^(26)s e zdoo eais wssfe o^?j#(24)2i ifig ^gfi fi»i ooss 

e?sa s^s egga sg(STi) s^(2B)(fi 2e Jfflstr ^ si^ 01 7i#, momw fi# 

2| Al^l 7m S^WflTfl^ 3A1S SEH2| ami'2| S«ffi W=Q. 01 ®mg STI SSSfl #S BTfl S 
S&SH gJtfi £9Jt!0. ^§533 ArtfSSAI, 01 STI2| *IEJ 2H!£ W= M!«a2| §EH°I STI 
#S LHOfl EHDIU(iiner)fi «#SFe B>02h #71 STI SSa2| fi£fi SOI^ BTOfi 5t»tto. 

OlEitf STI S-S12I sou, A|MgeqE|(l2)§ E|« ^ S^(E= §egEI)(30)S gSSW f!S 7 r ^ 
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e sarsi *ia nfg# oimm aroisa i»g? uioo a«at>. 012^ oi* 3- -oium -epm 

StpBCF. £ 2f(>fl^ STI a Elxl ±# SOU l*2S]if ;?27h SAIEIGH 2JD. 

obol s 121 4M sais iroi,. asis aniiea ±ii s^ej swft.wwi «sao. 
e 2<*hi saih Hef soi-, m sss(3Z)g aioiga ^xra asAioo 0flmm4*(i4)(gg- 

Sa»«. 2HH8*F= ^g)SI0fl B WSOflAi atOISa ±» 3'21ft : fiSSK7| flM-AL Afga 

fisssj 1 im sun* #m stjtm »o. 01 six *3*i£s 3 ^»o^h ef ioa mxi 

1000 * 012. UKBS|8»«S ?f 500 A LH XI BQ0A2J *nw #£0. #71 Si a N» *-g 9-21-21 SEH2J 8*tt3 

ft ai^sbai ssm 4 asm. utdsmnb tferai cvoaoi Afgan aa e ess cmqs*j a$aiqi 

UlOIMEt ±7j 3*1 MSSJ" 4= 2i= Bfttt" Si«N* « OI2J2J MS: Hi£2J M-ge a 
O. 

#7! Hroi-SEI- ±A* S2J2J g^MM Sa*W 2|«| Ms*!" UFOIlEf g2j°j S4S§t 
£ PFET ±a/ee|oi 22jft BSIfta FET 2 SCKE 121 9X1 5 §5), 

#71 FET ^Xfe SfflWia £»S $ 2i£ £5l2J «a 018*101: gag een 

X1±E( *|EI SPOOHfe pFET SSa.^daD (photolithography; AHSWSlf NH S3, : NH «L pFET 

oi s Tii oi m tfsj& iMa^naiid/bis nam jms 5 , fet TuoiM a-sa^anm; fet hoi 

M (HIS, 15} ±iBO|AJ nFET '«9 'SBQ^3BllD, nFET 3rSN : fl?l ESI! 

Haie! (LDD)], 391 iSOQIAt pFET StS 5£E!^3EH : m, pFET #§(LDD), ftfe ^fiOOlM Xfl2 

^IHIOIAI (HIS- nFET S/D ^g] SMEI^HEHiO, nFET S/0 QiMDl £t!t!D. 

01 Bit!* eaj^j^EI «E| 'EPfl'SS FET iTJS £ 2h0il SAIS ^5 tHOfl S SSI, ^1 FET 

& pa s^(36), s^3 s^(38). s/o ^¥(40), mmttvioM it 'mm tmrnnmii ±m\ 
At(46jp: eem eai : b ^aoi.A+5 .7is«iHi s«a 4g# a : tooim *^ siw s« 

[3801., £ 12J STli 80S EAI.S BhSF SOI. SI2. MsS(50)g £ 2iQfl SAIS ^a»»S*JS £ 2HHI 

EAia ?s son *ssa; mm, &7\ M2 .^i fet ^33- a ^1 aioiea 4=^21 ejxi 

S^: ?IOjj M2 aSS(50)g -SS Sj* ^SEITiU f£S ^HeU ffOIS* 30| 52J 

EhSSOj 3912 MS&J50)^MAI AFSfi agB', OOS MOl 4^1 Xil2 iTSfMS 3 SE|£Ei 

5MS ^a-H *S.SBl/.«a2| Bar A BS SAOAKWAIS MSi SE^ HfSfiill 
££ &i ^2 "5Q"SSAi AkgtJO. 

um\m& ^nm ^m[^ §21 fet Mfttr * si^ S2j°j xbs se^ h nsvoi e ssiwaj 
afss; ^ si^-dl a?i2i swa g:*reoi §^ ^si §(rjs§)i ««6M oion AFgi ^ ao. s 

fJ BSM aGH-AI, 3912 fi2§s ME^DI- &» CVD^0{] 2|*fl S*rgS ««Fft-S'^«a-S 2101 HJBS^ 

aa. 392 ms#2| =Mife ^ axis, 392 as#2j =jjts ?t rod a lh xi :sooaoih. tjnr 

^«l?B.£ 2f 150 A LHXi 250A2|'$nrft 3*=0-.. 

fe^l ?3E2| FET ±J}M M2 fiS^Oll 2|$J MS^ «!>, tiralfcEf 01 .HHJUKf ^^2J ffl^t 

IT * 2fe SEH2J.WEI &7flM GISaHM Sfil!0.(S 2j diath «E| eTJflS SI? ^ 

OIGHAI bl^OlsE^ i» ?|Ofl S2j;2| .UWIftSF OBDIEi 4r73S B WSWAI' ^HHS HWIftSf 4: 

hisSeitiu »a sim 1 * 21a. uralfta .^s saefe a on h saoii Ai Ahgg ^ as m 
U2j tireRie aeq« s^<i2)g. m^mm ss X02 asmcso) a «ii M2s(32)# #tn aroi 
sa as^M (Higohs &7o.af, ^71 aiojsa as*, iwoi^s, mz aaia 4a, woia 
BEteaa s Moi>: fta-aaa lhoo otidiEi waum mm w-stfe s»a stitna. mmti 
aa.Qi- aioisa sssis iaM e ssohaj ai^ss ^ as "»7W ^iag uehjis ass pai 
sssm ^d. H^olME^ ±wm s«s>£ 01 sobhiai sxia qe ?iaee s araM»'A»«Kc- 

01^ «a EPtiBS s an SAia ^soji u-ehhs ufsi a-p-. ^§1, s 21= m #(52), ps g 
areas* <54}[oi ea^aess s 2j2i as(54b)7Karoi.ea ^» woo: wsa p^ sa^ 
msm uaui- 2# 'Biaitaoh a ga^aSst^)s str&fe s 2i°j ^sg ^ais^a, oi?i 

Al ^1 #(52, 54> 54b, SG)S8 'Stffi HH3IB& ^Wfi SSSH^. SS^M OOSSfS 82? W 
M : S*2|; §§5)2! S& ^MOI ^1 ^2ES^a 39li7jE|£ 2011 fi Al«l'0fl SIGH Ai , 

^2E2j aroisa 4^ -aerota ai asssi. s^smdi ssaoi aa. 
Dsn. s 12J B7i tm uaa oval- ^01, aroiea ^afSj Br«tf(54)a »i2 as:S2j of 

^ BCItfOI £01 OIS 27H2J SB2| 397IAI0II WBtM §2H2J Oflfgf BttttOT £WI 

4zavH 3aiaao. e.^ 1 pfet?> ahs-oo s^eio) as ".a*v pfet s/o s^s aaHSf.^a:* 
oiy.aoa, 2j« Siftr ^ ewou diei-ai sssp. oi# xia sm£ £ a<on: SAia ?3eb «««ci. 

01 S3 S 2k?h #71 ^2ES^E1 «I2 S±*a .tfOnS! S£ ^S2J 39171 M UaLHH 2iXl?>, s &s 

^ amima ^2j ®eqa g^oj §^ai 3912 as#2j ssai?i& 201 saan sd. 

s 12J 800 uam um ^01, syu a JooiMak amis a 4:XF2i ^i?a a wq\± won 
^ sa^as b«¥(bbpi ssaoi acKs 21 n tt.*ve a^oi 01 
71 a sotoii sna seh2j «a bmm oi8«i« s«sd. oia» sm^ »a e?a= 73© am 
m mm d^h, ti a ti aysi smui sa. 

D8oa, s i2j en 9 a s 2mofl SAia um ^01, (HAimoidscBO) a ssai#(62)s. fet a. aroi 
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ffl£J AK335 » 00300 2|*1 7H?7f €SSD. *I?S Sffl2| S«t«Jg 0ISSIAI SSEJ01, 

mzv §ai2J sea ssoi Amaa. 

SUN. IS gaOKJIE2* 32|2| BAIBflOld *ISS IBA|tiflOldg(60)g 4! £8 IS UOf Afg 

sin, siGb ss sia a- as 32121 aes ssas(B2)i «£Shs aw Amaa. a 
<i ±aE7* aaas wooai. ti. i. cu. cr a pta as sajej 32121 ess s^oi e asoo 

sat* um*m g AionoflAis sise uwiaa ois# ag as em axisi. e ass siae urai 
ga ±712. raaas as okjoi, as wmess ±xm saa aa. 

e ass Hurat* gAionoo ojskm eai a thaishi axm. sa*as sa assj 7ig3 
ai£ a ewg oiaaoi aoi ast> e« a 4=soi 7^ag oisoa 4* ag 2010. ojaAj, b as 
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